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W&«a&&. Seil and Water Conservation Research Division, Agricultural Research
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Lay-flat tubing lies flat when empty like a deflated innertube sec-
tion. The tubing is usually made from such materials as butyl rub-
ber or plastic in which a supporting fabric is often built into the walls
to impart additional mﬁmbmaw.

It is often feasible in irrigation practice to replace farm ditches and
laterals with lay-flat tubing, particularly in areas where seepage and
erosion_are problems. - In addition, lay-flat tubing may be used for
water distribution, as & temporary water conveyance, or as a convey-
ance where & ditch would be undesirable or impractical. Use of lay-
flat tubing for irrigation is a relatively recent development. Conse-

.nzoﬁﬁww mformation is not available to guide fabrication or to design

properly a water distribution system hydraulically where it is used.

he investigation was undertaken to obtain information that would
be useful in the hydraulic design of a water distribution system where
lay-flat tubing is used. The principal objectives were (1) to obtain
data from static head measurements from which the tube pressure-
area~shape relationships could be determined; and (2) to determine
a shape factor that would express the effect of cross-sectional shape
upon the frictional head loss and allow conventional pipe design
formulas to be modified and used for lay-flat tubing.

! The experimental study summarizes a master's thesis by Allan S. Humpherys
which iz on file in the Engineering Library, Utah State niversity, Logan, and
entitled, “An Experimental Study of the Pressurs-Area-Shape Relationshipa of
Lay-Flat Tubing and Their Effect Upon the Hydraulic Friction Factor f”* The
testing and laboratory phase of the study was undertaken cooperatively with the
U.8. Department of Agriculture and the Utah Agricultural Experiment Station.

* The authors express appreciation to the Union Carbide Plastics Co., Division
of Union Carbide Corp., for financial support given to the investigation and for

‘the experimental tubing used in both the static and flow tests; to Bono Produets,

Ine., for butyl rubber tubing furnshed for the static tests; to Vaughn E. Hansen
director, Utah Engineering Experiment Station, for his helpful suggestions and
technical assistance; and to Richard Miles for assistance in the collestion of data
from the flow tests.
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: Frours 1.—Definition sketch showing lay-flat tubing geometry.

PROBLEM

The shape or degree of roundness and the cross-gectional area of a
tube are dependent primarily :ﬂwu the fluid %uommﬁuo inside (fig. 1).
Above a certain pressure, the tu Ewp proaches & circular cross sec-
tion. When circular, the tube may be designed hydraulically by con-
ventional pipe design methods. en the pressure inside the tube
is reduced, Wo cross-sectional area becomes smaller and approaches
an oval-to-rectangular shape. This change in shape and area results
in & nonuniform velocity mwmﬁecmos in which the velocity pattern 1s
different in the vertical direction from that in the herizontal. For a
given flow, this change in tube cross section is accom: anied by a cor-
responding change in the mean fluid velocity. The head loss, there-
fore, is affected, since it is a function of both the velocity distribution
and the mean velocity. .

Most friction loss —M a pipe or tube is dissipated near the boundary
because of boundary drag. When the area and degree of roundness
for a given tube are decreased, the boundary area becomes larger in
proportion to the eross-sectional area. The energy loss, therefore, is
affected by any change in tubing geometry that affects the ratio of
the cross-sectional area to the perimeter or w%ﬂ_u..w:ra radius.

Not all tubing is hydraulically smooth. hin tubing constructed
with a supporting fabrie in its wall may be hydraulically rough. The
relative roughness of this tubing is affected by & change in tube shape.
Relative roughness is defined as the ratio of the height of the boundary
roughness projections ¢ to the depth of flow midway between
boundaries. It is usually expressed in terms of the vm.o diameter
and the plate spacing for pipe and parallel-boundary flow. A de-
crease in the degree of tubing roundness results in s greater relative
roughness value for a given tube, because the effective depth of flow
between boundaries is decreased. Since the friction coefficient is
related to both the relative roughness and velocity distribution, any
shape change that affects either of these parameters will affect the

ead loss.
b Tn most cases, the pressure along the length of the tube changes
because of friction loss and elevation changes. As & result, the tube
geometry and, hence, the fluid velocity are ooﬂmawnsm,arpum_bm from
one section to another along the length of the tube. The flow, in this
case, is nonuniform and the head loss due to friction in & given length
of tubing is difficult to determine.

’-(——n-—')
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LAY-FLAT IRRIGATION TUBING 3

HEAD LOSS IN FLOW CONDUITS

PIPE

wgpsmm&.erommazpaeu,_umnﬂaau—pamﬁ_EEbm_.E&..a_ﬁmwm
when used as closed conduits for fluid flow, the ww&mamnaﬁmﬁu of
tubing should be similar to that of a pipe.

Head loss for flow through a pipe is often expressed in the form 2

in which the value of » for laminar flow is unity, whereas for turbulent
flow it ranges from 1.7 for smeoth pipe to 2.0 for rough pipe.t The
value of m for laminar flow is 2.0, whereas for turbulent flow its value
ranges from 1.0 to approximately 1.3.

Dimensional analysis yields the following expression for pipe fric-
tion loss:

Ly?

h=2K R 3 o @
or
LV
b= 535 ®)

in which the friction coefficient f is a function of Reynolds number
and relative roughness. Equation 3 is the basic expression for head
loss through & pipe, and is known as the Darcy-Weisbach equation.
Expressions for the coefficient f have been derived from the velocity-
distribution equations by Karman and Prandtl® The Karman-

M_.mbma equation for f in terms of Reynolds number for smooth-pipe
ow is

Wmﬁn logio B +f—0.8. )
The companion equation for the rough-pipe coefficient is

1 2 logn 174, (5)

Jf k

These equations are valid for the limiting boundary conditions of
smooth and rough flow only. The coefficient for flow in the transition
region between smooth and rough boundaries for commercial pipe is
represented by the semiempirical. Colebrook-White equation

H kumq
S 1742 logp | St m
f i I W&.\H_, ®)

SRusser, G. E. mypravLics. Ed. 5. Pp.181-183,illus. New York. 1947.

¢ Bymbols and definitions of terms used in this publication are given on p. 38.

¢ Rouse, HUNTER. . ELEMENTAEY MECHANICS OF FLUIDS. 376 pp., illus. New
York and London. 1946.
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